The traditional analytic hierarchy process (AHP) method can only compare a very limited number of decision alternatives. When there are hundreds or thousands of alternatives to be compared, the pairwise comparison manner is obviously infeasible. In this paper we propose a hybrid AHP/DEA methodology to facilitate the risk assessment of hundreds or thousands of bridge structures, where pairwise comparisons are impossible.
Introduction
Bridge risk assessment is often conducted to determine the priority of bridge structures for maintenance and is essentially a multiple criteria decision making (MCDM) problem, which involves multiple assessment criteria such as safety, functionality, sustainability and so on. Therefore, MCDM approaches can be used for bridge risk assessment.
Of the MCDM approaches, the analytic hierarchy process (AHP) method [1] is particularly suitable for modeling qualitative criteria and has found extensive applications in a wide variety of areas such as selection, evaluation, planning and development, decision making, forecasting, and so on [2] . However, due to the fact that there are hundreds or thousands of bridge structures to be evaluated and prioritized at a time, while the AHP method can only compare a very limited number of decision alternatives, the pairwise comparison manner is obviously infeasible in this situation. To overcome this difficulty, we combine the AHP with the data envelopment analysis (DEA) [3] and present a hybrid AHP/DEA methodology for bridge risk assessment.
The paper is organized as follows. In Section 2, we propose a hybrid AHP/DEA methodology for MCDM problems with a large number of decision alternatives. Section 3 presents an application of the hybrid AHP/DEA methodology to bridge risk assessment, where 20 bridge structures are to be prioritized for maintenance. Conclusions are offered in Section 4.
A hybrid AHP/DEA methodology
The idea of combining the AHP and DEA is not new. There have been several attempts to integrate them in real applications. The interested reader may refer to [4] - [15] for details. However, none of them can be used for bridge risk assessment where hundreds or thousands of bridge structures need to be assessed and prioritized for maintenance and pairwise comparisons for so many bridge structures are certainly impossible.
To solve this problem, we develop a hybrid AHP/DEA methodology for bridge risk assessment, which is able to cope with any large number of bridge structures or decision alternatives.
Consider a generic MCDM problem with m criteria , n decision alternatives 1 
and the weights of criteria being determined by the AHP. For the n decision alternatives, it is impossible to construct a pairwise comparison matrix with respect to each criterion when the number of decision alternatives is larger than 15. 
To characterize the relative importance of decision alternatives with respect to each criterion, we define for each criterion a set of linguistic assessment grades: ( ), where
represent the importance from the most to least important and j K is the number of assessment grades for criterion j. This definition allows for different criteria to be evaluated using different numbers of assessment grades and provides flexibility for setting up grades. We then ask the experts from different domains to assess the decision alternatives and classify them into their corresponding assessment grades. Take the criterion j for example. The assessment results can be characterized by n distributed assessment vectors: 
). Then, the local score of each alternative with respect to every criterion can be defined as
To determine the local score of each alternative with respect to every criterion, we view each alternative as a decision making unit (DMU), ( jk s H as the weight assigned to the output m , and construct the following DEA model with common weights:
Subject to
where the second constraint is strong ordering condition imposed on assessment grades. By solving the above model (3) for each criterion, the local scores of each alternative with respect to the m decision criteria can all be generated and then can be aggregated into an overall score by using the following simple additive weighting (SAW) method [16] :
where ( 1, , i n = K ) are the overall scores of the n alternatives, based on which the n alternatives can be ranked or prioritized.
Application to bridge risk assessment
It is estimated that there are about 160,000 bridges in the UK. The limited annual budget of repair and maintenance calls for a priority scheme to select and schedule bridge structures for maintenance.
Selection of assessment criteria and determination of their weights
According to the British Highways Agency (2004) [17] , the maintenance priorities of bridge structures are determined by their risks, which are assessed in terms of four decision criteria: safety, functionality, sustainability, and environment. As an illustration, 20 bridge structures considered here shown in Fig.1 . 
Definition of assessment grades and acquirement of assessment data
The following set of assessment grades has been defined for the four criteria by the British Highways Agency: G = {High, Medium, Low, None} = {H, M, L, N}.
For simplicity, we will use the above same set of assessment grades for all the four criteria in this illustrative example. Table 2 shows the distributed decision matrix for the 20 bridge structures, which are evaluated by 10 bridge safety experts, 15 functionality experts, 20 sustainability experts and 10 environment experts in terms of the four criteria, respectively.
Solution of model (3) to generate local risk scores
For the risk assessment data in Table 2 , we solve model (3) for each of the four criteria to generate the local risk scores of the 20 bridge structures with respect to the four criteria. The results are shown in the columns 2-5 of Table 3 . BS1  8  2  10  3  2  15  4  1  5  4  1  BS2  4  6  2  8  5  12  3  5  6  4  BS3  3  4  3  3  7  4  1  5  7  8  1  3  4  2  BS4  4  6  5  5  5  6  8  5  1  2  3  5  BS5  3  7  4  6  3  2  7  7  6  3  4  2  1  BS6  1  4  4  1  6  5  4  8  6  4  2  4  5  1  BS7  2  3  5  3  6  5  1  10  10  6  4  BS8  3  5  2  2  11  2  9  9  2  7  3  BS9  4  5  1  9  5  1  4  10  6  8  1  1  BS10  9  1  8  7  5  10  4  1  5  4  1  BS11  7  3  9  2  2  2  7  8  5  7  2  1  BS12  5  4  1  7  4  4  4  9  3  4  3  1  6  BS13  6  2  2  6  6  3  1  9  8  2  4  4  2  BS14  5  5  1  14  5  5  5  5  5  2  2  1  BS15  8  1  1  12  3  8  9  3  6  3  1  BS16  1  6  2  1  8  7  14  6  7  3  BS17  3  3  4  6  8  1  7  9  4  8  2  BS18  2  4  4  3  7  5  9  9  2  1  7  2  BS19  1  5  4  5  2  8  11  6  3  4  4  2  BS20  4  3  3  7  3  4  1  10  8  2  5  5 Note: H stands for High, M for Medium, L for Low, and N for None. 
Prioritization of bridge structures in terms of their overall risk scores
Small overall risk score is always preferred. Therefore, high risk priorities should be given to those bridge structures with big overall risk scores. As can be seen from Table 3 , BS1 has the biggest overall risk score because of its highest safety risk score and the highest sustainability risk score as well as high functionality risk score. So, it is ranked in the first place and should be given a top priority for maintenance. BS5 has the smallest overall score of the 20 bridge structures and is ranked in the last place. The overall risk priority ranking of the 20 bridge structures is BS1 > BS11 > BS9 > BS13 > BS12 > BS20 > BS2 > BS8 > BS15 > BS14 > BS10 > BS7 > BS17 > BS18 > BS6 > BS3 > BS19 > BS16 > BS4 > BS5. Such a risk priority ranking may change with the relative weights of the four assessment criteria. So, if necessary, a sensitivity analysis about the weights of criteria can be conducted.
Conclusions
In this paper, we proposed a hybrid AHP/DEA methodology to evaluate bridge risks of hundreds or thousands of bridge structures. To avoid making a large number of pairwise comparisons, the proposed hybrid AHP/DEA methodology only uses the AHP to determine the weights of criteria, linguistic assessment grades to assess bridge risks, DEA model with common weights to determine the scoring of the linguistic assessment grades, and the simple additive weighting method to aggregate the bridge risks under different criteria into an overall risk score of each bridge structure. The bridge structures can then be prioritized for maintenance in terms of their overall risk scores. A numerical example was investigated to illustrate the applications of the proposed hybrid AHP/DEA methodology. It was shown that the hybrid AHP/DEA methodology is easy to use, applicable to any number of decision alternatives, and particularly useful and effective to those complex MCDM problems with a large number of decision alternatives, where pairwise comparisons are certainly impossible to be made.
